A conjugation system initially discovered in fl-lactamase-producing gonococci mobilized small non-selftransmissible R plasmids encoding ,8-lactamase (penicil-linase) production into other gonococci, Neisseria, and Escherichia coli. This conjugation system was mediated by a separate selftransmissible plasmid of 23.9 x 106 daltons, pFA2. Conjugative plasmids capable of mobilizing R plasmids were also found in nearly 8% of the non-penicillinase-producing gonococci. These were similar to pFA2 in size, buoyant density, and restriction endonuclease digest patterns but were less efficient than pFA2 in mobilization of the penicillinase plasmid pFA3. The presence of conjugative plasmids in gonococci isolated before the appearance of penicillinase-producing strains indicates that a conjugation system for plasmid transfer predated the appearance of R plasmids in gonococci.
ase) production have been isolated in several nations (6, 26) . Although plasmid-mediated antibiotic resistance is common in many other gram-negative bacteria (3), antibiotic resistance in gonococci has been thought to be a result of chromosomal loci (7) . Chromosomal mutations result in only low-level resistance to penicillin (31) . Acquisition of plasmid-mediated fi-lactamase production by a penicillin-sensitive strain of gonococcus, however, results in an approximately 100-to 1,000-fold increase in resistance to penicillin, depending on inoculum size (25) .
,B-Lactamase-producing gonococcal clinical isolates contain plasmids of about 4.7 or 3.4 million daltons (Mdal) in addition to the 2.6-Mdal cryptic plasmids found in most gonococci (12, 28) . The 4.7-and 3.4-Mdal plasmids are responsible for ,B-lactamase production, as evidenced by loss of these plasmids in spontaneously cured (,8-lactamase-negative) derivatives, as well as by acquisition of these plasmids in f-lactamase-positive transformants and transconjugants (12, 28) . Transfer of the penicillinase plasmids by conjugation to other gonococci, Neisseria flava, and Escherichia coli has been reported (12, 15, 28) . Since all gonococcal conjugative donors of the f)-lactamase plasmids also possess plasmids of 24 Mdal, it has been postulated that conjugation might be mediated by the 24-Mdal plasmids (12, 28) .
In this communication, we show that the 24-Mdal plasmids are selftransmissible and are indeed responsible for transfer of the R plasmids.
Similar conjugative plasmids were found in penicillin-sensitive strains isolated well before the appearance of penicillinase-producing gonococci.
MATERIALS AND METHODS
Strains and materials. Table 1 presents a list of relevant strains and their genotypes. Strain and plasmid nomenclatures generally adhere to the proposals of Novick et al. (23) . Media and growth conditions were as described previously (31) . The presence of flactamase production was confirmed by a chromogenic cephalosporin indicator (Glaxo) (24) or by a phenol red-penicillin G indicator solution (30) . Most antibiotics were obtained from sources previously described (31) (19) . Gels were stained with a 1-,ug/ml ethidium bromide solution and viewed with a longwave UV transilluminator. Photographs were made through a Vivatar orange filter with Polaroid type 665 film. The identity of plasmid bands was determined by electron microscopy of DNA extracted from ethidium bromide-stained bands by the freeze-squeeze technique (35) .
Density gradient centrifugation. Cesium chloride-ethidium bromide buoyant density gradients were prepared as described previously (7) . Neutral cesium chloride gradients for buoyant density determinations (14) contained 14C-labeled plasmid DNA and 32P-labeled E. coli chromosomal DNA. E. coli chromosomal DNA was assumed to have a specific gravity of 1.7035 (11 (22) and other organisms (4), it was possible that the pcr plasmid (pFA3) formed a cointegrate with the conjugative plasmid (pFA2) in strain FA288. If this were the case, the conjugative plasmid from the pcr strain would be larger, by about 4.7 Mdal (the size of pFA3), than the conjugative plasmid from the Pcs derivative FA293. Molecular weights of the conjugative plasmids from strains FA288 and FA293 were determined from electron micrographs (Fig. 1) . pFA2 molecules derived from FA288 were approximately 23.9 Mdal (n, 19; standard deviation, 2.0); no measured molecule was as large as the expected size of a cointegrate (28.6 Mdal). pFA2 molecules from FA293 had a similar size, 23.8 Mdal (n, 13; standard deviation, 2.0). Thus, cointegrates of pFA2 and pFA3 do not appear to be common in FA288. The possibility remained that a rare cointegrate was responsible for transfer of the pFA3 genome during conjugation, although all transconjugants examined possessed separate pFA2 and pFA3 plasmids. The fact that many transconjugants received pFA3 without receiving pFA2 (Table 2) confirmed that pFA3 was transferred without stable linkage to pFA2. The existence of transient (unstable) cointegrates cannot be excluded without further experiments.
Conjugative plasmids in penicillin-sensitive gonococci. The presence of a conjugative plasmid in some ,f-lactamase-producing isolates and previous reports of a 24.5-Mdal plasmid in some penicillin-sensitive strains of gonococci (18, 33) Table 3 ). The plasmid derived from the naturally occurring pcr strain FA288, pFA2, consistently mobilized pFA3 to other gonococci and C600.5 at a higher frequency than did the other three plasmids investigated. Curiously, when the conjugative plasmids pFA12 and pFA13 were introduced into FA305, they were unable to mobilize pFA3 to either E. coli or to gonococcal recipients. The original clinical isolates containing pFA12 and pFA13 were reliable (but low-frequency) donors in the resistance mobilization test.
The low frequencies of mobilization of the pcr plasmid pFA3 by the other conjugative plasmids could be due to inherently lower frequencies of conjugation by these plasmids than by pFA2. Alternatively, all conjugative plasmids might be equally effective in establishing conjugation (as detected by selftransfer), but mobilization of pFA3 might occur more readily with pFA2 than with the other conjugative plasmids. To distinguish between these possibilities, overnight conjugations were performed by using the respective FA305 derivative as the donor and FA192, an Spcr transformant of FA19, as the recipient. Receipt of pFA2 occurred at a significantly higher frequency (23%) than did receipt of pFA13 (2%) ( Table 3) ; pFA2 also mobilized pFA3 much more readily than did pFA13. Receipt of pFA11 by FA192 was as frequent as receipt of pFA2, but pFAll mobilized pFA3 10-to 100-fold less frequently than did pFA2 (Table  3) . Thus, the differences in selftransfer did not fully account for the large differences in mobilization of pFA3; the conjugative plasmids apparently also differed in their ability to initiate transfer of pFA3.
Determination of buoyant density. The buoyant density of pFA2 (Fig. 2) was 1 .701 g/cm3, corresponding to a guanine-plus-cytosine content of 48% (34) . Chromosomal DNA of N. gonorrhoeae has been reported (11) to have the same buoyant density as E. coli chromosomal DNA; this corresponds to a guanine-plus-cytosine content of 50.4%. The lower density of pFA2 compared with that of gonococcal chromosomal DNA was confirmed by the following experiment. Whole-cell DNA was prepared by the method of Marmur (17) and centrifuged in neutral CsCl density gradients. One-drop fractions from the region of pertinent density were collected, and portions of these fractions were subjected to electrophoresis on agarose gels to determine the location of chromosomal and plasmid DNA in the gradient. The conjugative plasmids pFA2, pFAll, pFA12, and pFA13 were all found to band in similar regions that were slightly less dense than the region of chromosomal DNA.
Restriction endonuclease analysis. The purified conjugative plasmids pFA2, pFA1l, and pFA12 were digested separately with each of the restriction endonucleases EcoRI, BamHI, and HpaII, and the digestion products were subjected to electrophoresis on agarose gels. All three plasmids were cleaved by EcoRI into four fragments, and the respective fragments from each plasmid had the same mobility (Fig. 3 , tracks A to C). The BamHI digest of pFA12 (track D in Fig. 3 ) differed from the BamHI (Fig. 4) . We were unable to obtain purified pFA13, the conjugative plasmid of strain FA652 (Materials and Methods). However, bands similar to those in tracks A to C of Fig. 3 were present in an EcoRI digest of the plasmids of strain FA539, which contained pFA13 obtained from strain FA652. These bands were not present in a digest of plasmids from the homogenic strain FA305, which lacked pFA13 (data not shown).
Failure to detect chromosomal transfer. The mobilization of the non-selftransmissible plasmid pFA3 by pFA2 suggested that pFA2 might also mobilize the chromosome. Experiments to detect such mobilization were performed using multiply marked conjugative donor (FA589) and recipient (FA583) strains that were not competent for genetic transformation (Materials and Methods of derepressed transfer mutants of the conjugative plasmid (20) or the use of the technique of integrative suppression (21) might result in a detectable mobilization of chromosomal markers, which would greatly facilitate future genetic studies of gonococci.
The four conjugative plasmids that we examined were similar in size, buoyant density, and restriction endonuclease digest patterns, indicating a strong degree of nucleotide homology. We found similar-sized conjugative plasmids in local strains isolated as long ago as 1971; also, these plasmids were found in a group of strains collected in Boston, Mass., in 1975. Whatever the source of the genetic material of the fl-lactamase plasmids, a conjugative system capable of promoting the transfer of these R plasmids was already present in the gonococcus.
The data of Table 3 show that the conjugative plasmids differed widely in their ability to mobilize the Pcr R plasmid pFA3 from a homogenic donor. Also, there was a significant difference in the selftransfer of the conjugative plasmids Although the mobilization of the Pcr plasmid pFA3 was often accompanied by transfer of the conjugative plasmid, we could find no evidence of stable cointegrate formation. Rather, the results suggested that these plasmids were transferred separately, as in the class 2 transfer system described by Anderson and Natkin (5) .
The 24-Mdal pasnids described in this paper are among the smallest conjugative plasmids that have been reported (29) . However, a conjugative plasmid of 17.3 Mdal has been described (9) , and the portion of the E. coli F plasmid encoding transfer functions may occupy only about 15 Mdal (1). Thus, these gonococcal plasmids may be large enough to encode genetic information unrelated to transfer functions. We found that these plasmids did not confer entry exclusion (37) 
